I. MOTIVATION & PURPOSE OF STUDY
Undergraduate engineering programs in the United States are facing the demands of global competitiveness, outsourcing, and an increase in production of overseas engineers. Adaptive expertise is a skill set that would support students' preparation for the complex problem solving environments of the real-world. The display of adaptive expertise has been said to "ultimately lead to students' depth of knowledge and habits of mind that lead to success in their career and enable them to be innovators in the field" [2] . For this reason, it is important for educators and scholars to explore how we can better prepare our students to showcase adaptive expertise. It is equally important to assess the effectiveness of our attempts at facilitating this development.
Think-a-louds, [3] interviews [1] , and self-report surveys [4] [1] [5] [6] [7] have all been used to measure adaptive expertise, with the most common method of measurement being the Adaptive Expertise Beliefs Survey. The current study aims to examine whether a difference in adaptive expertise, as measured by the Adaptive Beliefs Survey, exists between two separate design course sections. One of which was guided by adaptive expertise principles while the other consisted of traditional lecture based course. The question guiding this research is:
Do teaching methods guided by adaptive expertise principles promote the development of adaptive expertise in students more so than traditional lecture based methods?
We predicted that responses on the Adaptive Expertise Beliefs Survey [1] from students in the adaptive expertise-based design course section would indicate more adaptive expertise than responses from students in the traditional lecture-based design course section.
II. THEORETICAL BACKGROUND OF ADAPTIVE EXPERTISE
In 1986, Giyoo Hatano and Kayoko Inagaki developed a seminal framework for adaptive expertise [8] . They distinguished between two forms of expertise: routine and adaptive. Routine experts refer to experts who have become highly efficient by habitual usage of knowledge in a specific domain and a high amount of experience. Adaptive experts, on the other hand, refer to experts that have the ability to balance efficiency with innovation. In the framework, efficiency refers to "speed, accuracy, and automaticity of solving familiar problems" while innovation is described as "flexible, innovative, and creative competencies" [9] . This balance permits adapting previous knowledge into new situations while remaining productive and efficient. Derived from Piaget's theory on cognitive development [10] , adaptive expertise, for the purpose of this study, is defined as the ability to apply knowledge gained through prior experiences to novel situations in which key parts of information are missing [5] .
Adaptive expertise is achieved when a person attains high levels of both innovation and efficiency. In this orthogonal relationship model (see Figure 1 ), an adaptive expert is not simply the next level above a routine expert in a linear progression but instead a completely different type of expert. This relationship is well illustrated in Wineburg's study [11] comparing two historians. The two historians were given an exercise in which they were asked to study a set of historical documents from Abraham Lincoln's era and then use the documents to formulate an understanding of Lincoln's view on race. Expert 1 was a content expert who specialized on Abraham Lincoln and the Civil War, while Expert 2 was a general historian. Results showed that Expert 2 performed much better on the task by using the cognitive skills that promoted adaptability. Expert 2 used strategies associated with positive learning [1] such as the use of questions, looking for alternative hypotheses, assessing his own performance, and evaluating the situation throughout the process. Expert 1 had revealed routine precision in approaching the problem and relied heavily on his content specific foreknowledge. While this may be perceived as an advantage, the heavy reliance on procedural knowledge resulted in oversight. The extensive familiarity with the topic that Expert 1 possessed actually handicapped his approach, not allowing for innovative thought or the transfer of knowledge and strategy [11] . 
III. ADAPTIVE EXPERTISE IN ENGINEERING EDUCATION
Researchers in engineering education have been striving to find the best methodology for preparing students for success in their future careers. "While basic schools cannot make students real experts, they can place students on a trajectory toward expertise or prepare them for future learning" [9] . Various researchers have presented the advantages of focusing on the development of adaptive expertise for attaining this goal (see for example [4] [16] laid out the relationship between adaptive expertise and engineering design education specifically. The design education curriculum consists of both efficiency and innovative components in the learning objectives. Achieving these learning objectives within the design curriculum should help students foster the skills necessary for developing adaptive expertise over time.
However, traditional lecture-based teaching and approaches focused on teaching technical knowledge prevail in engineering classrooms over approaches concerned with skills such as adaptive and innovative problem solving, and critical thinking skills. We posit that these preparation methods and approaches, which are predominantly used in many undergraduate engineering programs, produce skills of routine expertise and but not adaptive expertise. Further, many universities aim for the goals of expertise, yet do not clarify which type of expertise they are trying to develop. This lack of distinction between routine and adaptive expertise also is seen in the methods used to assess expertise. Brophy et al. [2] has discussed this misalignment between stated learning objectives and methods of assessments. For instance, if a stated learning objective associated with a program is to gain adaptive knowledge, most current assessment methods would be inappropriate because the methods assess the procedural skills used by routine experts and not the adaptive components. With a majority of engineering programs including learning objectives related to expertise, new assessment methods need to be created and empirically researched to assess the extent to which adaptive expertise objectives are met. Many researchers have called for methods for measuring adaptive expertise, and some have gone a step further and actually attempted to assess it (for example see [4] Pandy et al. [17] investigated the impact of the How People Learn (HPL) framework on students' adaptive expertise of movement biomechanics in a classroom setting. HPL's four principles indicate that the framework is student-centered, knowledge-centered, assessment-centered, and community-centered. To help implement HPL while promoting adaptive expertise, the authors used the STAR-Legacy Cycle which consists of the following stages: The Challenge, Generating Ideas, Multiple Perspectives, Research and Revise, Test Your Mettle, and Go Public. The STARLegacy Cycle allows for feedback and revision, which is necessary for adaptive expertise to occur. Their assessments consisted of pre-and post-questionnaires that measured changes in adaptive expertise. They scored the questionnaires using rubrics for each of their proposed facets of adaptive expertise: factual knowledge ("gauges a student's ability to retain key facts and principles"), conceptual knowledge ("measures a student's ability to grasp the underlying principles of the material taught as well as his or her quantitative skills such as ability to manipulate mathematical symbols and numbers to arrive at the correct answer"), and transfer ("a student's ability to extend his or her knowledge to new and unfamiliar situations [17] . Several researchers have taken this pre and post test approach to the assessment of adaptive expertise.
Martin and colleagues [13] [6] [14] have been conducting research for years on the impact of the How People Learn (HPL) framework on adaptive expertise using pre and post testing. An empirical longitudinal study was conducted to measure adaptive expertise [6] . This study was later trailed by two follow up studies [14] . Using pre-and post-tests, all of these studies showed evidence that the combination of HPL and the STAR Legacy Cycle increased aspects of adaptive expertise over the common lecture-based model [13] [6] [14] . While the use of pre and post tests allow instructors to examine gains from before to after a specific learning experiences, they require that instructors take away time from instruction to administer the assessment twice. In addition, to track the development of adaptive expertise across the curriculum, one would need multiple equivalent forms of the post assessment. To develop such equivalent forms would require a significant amount of test development knowledge and a great deal of time for development. Thus, self-report surveys, where students are asked to self-report gains, may require less time for both development and administration than pre and post tests. Johnson et al. [5] examined the effects of contextual modeling exercises in CAD on the production of behaviors associated with adaptive expertise. The researchers used a combination of student interviews and responses on a self-report measure in an attempt to assess changes in adaptive expertise. The pre and post interview questions were written specifically to examine the modeling experience. The interviews were transcribed, analyzed and coded in an effort to acquire adaptive expertise manifestation counts. Researchers also used the Adaptive Expertise Beliefs Survey [1] to measure the difference in students' self-reported adaptive expertise skills between a contextual modeling group and control group. Results indicated that there was a positive correlation between the amount of time spent modeling and adaptive expertise behaviors shown in the interview. Responses on the adaptive expertise self-report measure were also positively correlated with increased time of modeling when in contextual exercises [5] . These results highlight the importance of context and adaptive expertise qualities when it comes to a student's education. However, the time commitment for the interview collection and analysis process makes the use of interviews across a wide-variety of assignments less practical than belief measures, which can be administered and scored quickly.
IV. CONTEXT -SENIOR DESIGN COURSES
The context for this study consisted of two sections of a senior-level engineering design course with an embedded capstone design project. In addition to attending weekly 100-minute meetings to learn about engineering design theory, methods, and tools, students in these courses met outside of class to work on their capstone projects. The model for this course has previously been published previously [18] [19] [20] . The following table showcases some of the differences between the section taught using a more traditional lecture-based format and the section using a format that rewarded adaptive expertise.
Feature of Course
Lecture Mastery-based learning model allowing students to resubmit work (optional) to show stronger evidence of mastery learning and to allow for earning points back
No Yes
Common Grading Guide for all assigned focused on grit (effort), quality, and innovation No Yes
More specifically, the following adaptive expertise techniques describe how the classroom environment in the adaptive expertise based section was transformed.
Establishing the Class Culture via Shared and Student-Derived Values and Behaviors -
The first day of class began with an activity designed to elicit students' beliefs of workplace expectations (peer to peer expectation, supervisor expectations for employees, employee expectations of supervisor, workplace environment, etc.). What derived from this activity became the expectations for the class. The classroom was envisioned as a workplace environment with a derived set of values and expected behaviors. This activity set the culture and tone for the course and enabled autonomy, relatedness, and competence.
Aligning Effort Contingent
Learning and Rewards -Research shows that evaluation practices focused on effort rather than ability trigger mastery learning strategies and better knowledge retention [21] . In the classroom, extrinsic rewards are often given with good intentions, but they can have detrimental effects when the rewards are perceived as bribes or controlling [22] . When rewards are made contingent on student effort, rewards can enhance achievement-directed behavior and even lead to an increase of task persistence. The treatment group/course was transformed into a classroom where effort was the emphasis to produce quality work and perform at high standards. The grading rubric that was developed aligned with this focus on effort and facilitated the evaluation of student work from the point of view of quality of effort. Further, to encourage quality effort and mastery learning, students were allowed to resubmit graded work for a second time in an attempt for students to show deeper understanding and quality effort.
Empowering Students with Autonomy, Self-pacing, and Inductive Teaching Methods -Strategies that allow students to set their own pace with short-term goals or assignment leads to intrinsic motivation. Inductive teaching methods enable students to more effectively solve problems and self-manage goals and their own learning. In the treatment course, a non-traditional pedagogical model was implemented. Interteaching [23] , which is new and has been used in psychology but is almost non-existent in STEM education, emphasizes independent learning. Students complete a preparation guide before class that includes reading material and questions. At the beginning of class, the professor clarifies difficult concepts emerging from the previous class. Much of class time is focused on students working/teaching in pairs or small groups. Professors and teaching assistants are available for questions and discussion. At the end of class, students complete a record sheet identifying challenges. Professors use this feedback in preparing for the next lecture.
Using Proactive, Team based Motivational Strategies to Support Team Assignments and
Capstone Projects -Highly valued in competitive athletics, the military, and other fields where qualities such as resilience and persistence are essential to success, team-based strategies are effective in building in-group cooperation. Team cohesion, authentic collaboration, and collective efficacy were frequently discussed in the course with accompanying readings to motivate completion of team assignments and capstone projects. Discussions and activities targeting team performance and "collective efficacy" helped to establish a sense of common experience and purpose in collaborative capstone projects.
V. METHODOLOGY
As part of a larger post-semester survey, the Adaptive Expertise Beliefs Survey was administered via Qualtrics to 52 students enrolled in a senior design capstone course at a mid-Atlantic university. Both sections of the design course were included in data collection. One section was taught using methods focusing on the principles of adaptive expertise, while the other course section used the traditional lecture-based method. A sample of 44 surveys were analyzed and compared (25 from the AE class, and 18 from the lecture-based class). Eight students were not included in the analysis due to missing data.
A. The Adaptive Expertise Beliefs Survey
In 2001, Fisher and Peterson identified four foundational constructs of adaptive expertise: multiple perspectives, metacognition, goals and beliefs, and epistemology. The multiple perspectives characteristic illustrates a student's ability to use a wide variety of representations and approaches when working with different problems. Metacognition refers to the process of self-monitoring and self-assessing one's own understanding of their performance in a situation. A student who fully displays the goals and beliefs required to attain adaptive expertise views challenges as opportunities for growth and is able to function in shifting climates. Epistemology describes how an individual views knowledge. For instance, students who view knowledge as constantly evolving and who are never satisfied with their current state of knowledge, exhibit the epistemology necessary for developing adaptive expertise [1] . Multiple items are reverse coded in order to avoid response bias. High reliability coefficients were found for both the survey as a whole (Cronbach's α between .85 and .89) and for each of the individual subscales (multiple perspectives α = .77 to .80, metacognitive self-assessment α = .78 to .79, goals and beliefs α = .66 to .78, and epistemology α = .71 to .72) [1] .
Researchers have used the adaptive expertise beliefs survey to measure adaptive expertise in computer-aided design modeling students [5] [7] , biomedical engineering students [1] , first generation and non-first generation students [7] , and special educators [4] . Preliminary results from the use of the survey suggested that adaptability increases the longer a student is in school (freshman to senior). Martin and colleagues [6] found increases over the course of a semester, further supporting the influence of time in academia on the development of adaptive expertise. Results from the survey have also been found to be consistent with interview results. Johnson et al. [5] studied the validity of inferences drawn from the survey when measuring the adaptive expertise of biomedical engineering on freshman and junior students, as well as practicing engineers from a Fortune 100 company. Given the support for the survey, the current study sought to investigate if a teaching method based on adaptive expertise principles promoted higher scores on this beliefs survey than the traditional lecture based method.
B. Data Analysis
A t-test analysis was conducted to evaluate if scores from students in the adaptive expertisebased design course section indicate more adaptive expertise on the Adaptive Expertise Beliefs Survey [1] than the scores from students in the traditional lecture-based design course section.
VI. RESULTS AND DISCUSSION
In the current study, the Adaptive Expertise Beliefs Survey performed consistent with previous research [1] . The survey total score showed acceptable reliability (α = .82). All of the subscales also demonstrated acceptable reliability (multiple perspectives, α = .77; metacognitive selfassessment, α = .78; goals and beliefs, α = .78; and epistemology, α = .79). Despite having a small sample size in the current study, these alpha levels were consistent with the alpha coefficients found in Fisher and Peterson [1] . While the total adaptive expertise score in the current study had a slightly lower Cronbach's alpha, all of the subscales were in the same range as found by Fisher and Peterson.
There was a significant difference in the average total adaptive expertise score of students in the adaptive expertise principles-based section (M= 17.13, SD= 1.53) and those in the traditional, lecture-based (M= 15.93, SD= 1.72) section; (t (42) = 2.44, p= .019). Results also revealed a practical significance in addition to the statistical significance (Cohen's D= .74). Interestingly, while the survey showed significant differences between these groups on the total score, the subscales did not show any significant differences.
VII. CONCLUSIONS AND FUTURE DIRECTIONS
While the instrument demonstrated acceptable reliability, the information gained from the use of the survey is limited. A comparison of overall expertise shows a significant difference between the two groups. However, without significant differences at the subscale level, we are unable to determine what specific dimensions of adaptive expertise differ across teaching methodologies. A possible lack of sensitivity at the subscale level reduces the amount of information available to the survey user. One possible limiting factor is the self-report nature of the survey. Data from self-report instruments measure what people believe and perceive their behavior to be, not what their behavior actually is. If the question being addressed is inquiring about the level of adaptive expertise one has, a beliefs survey would not answer that question. A more direct measure of adaptive expertise that is psychometrically sound is needed to answer these kinds of inquiries.
A. Self-Report Versus Direct Measure
When using self-report measures, researchers cannot know if responses to survey items correspond to actual behavior, responders perceptions of their own beliefs, or beliefs regarding what responders believe their behavior should be. This is a common critique of indirect measures such as self-reported surveys. Participants filling out surveys may adjust responses due to social desirability or acquiescence. Social desirability is the tendency for a participant to respond in a socially desirable fashion [24] . This tendency can be either conscious or unconscious to the participants. Acquiescence, on the other hand, is the tendency to simply agree with statements as opposed to disagreeing, regardless of being a positive or negative statement [24] . Others may be completely honest in their responses without the influence of social desirability, yet still not give accurate data due to recall bias or error in self-perception [25] [30] .
In order to counter and avoid these limitations, a more direct measure of adaptive expertise is needed in order to assess the level of this skill set. Direct measures could consist of direct behavioral observations in either natural settings or in a lab. These observations could occur in person or through a video recording [31] . Another form of direct measurement is the observation of products created from the participant being studied. This type of measurement allows us to assess certain attributes through a physical product, eliminating the need to evaluate the process. A direct measure would eliminate the issues of social desirability, acquiescence, and recall bias. It would also remove any ambiguity a beliefs survey creates, allowing us to assess the actual behavior and not just student beliefs or possibly incorrect perceptions of their own behavior. There would be no questions about what was being assessed through the instrument if the instrument was directly measuring an observable behavior or work product. The issue with the direct measures currently used, such as the pre and post tests discussed above, is that they require a significant amount of time to develop and administer.
B. Current Measurements of Adaptive Expertise
In response to the limitations of self-report questionnaire measures, some engineering education researchers have implemented other methods for the purpose of assessing adaptive expertise, including interviews [1] , think-a-louds [3] , and rubrics [3] [17] [15] . While interviews can provide more in-depth information than belief surveys, they can also be timely. Each interview must be conducted individually to avoid the possibility of social desirability and other influences on the interviewees. Although more direct than a self-report survey or a self-report focused interview, think-alouds also require a considerable amount of time. Like interviews, findings from thinkalouds can be influenced by the subjectivity of the researchers. Also, think-alouds often require an experimental-like setting, instead of occurring naturally in a classroom or group setting.
The most direct method of measurement of adaptive expertise is the use of standardized rubrics to evaluate students' pre-post test responses. A variety of rubrics have been used in an effort to measure adaptive expertise in students and faculty [3] [17] [15] . Pandy et al. [17] created a rubric designed to assess three proposed facets of adaptive expertise: factual knowledge, conceptual knowledge, and transfer. Walker et al. [15] created a rubric designed to examine efficiency, innovation, and confidence as characteristics of adaptive expertise. In 2007, Martin and his colleagues disseminated a rubric designed to measure efficiency and innovation elements in a pre-and post-test. Here in lies another issue with such rubrics; they are designed to assess different conceptualizations of the adaptive expertise construct. These rubrics are designed to score items created for the purpose of assessing a secondary measurement of adaptive expertise (e.g. pre-and post-tests, interviews, and think-a-louds), using various conceptualizations of adaptive expertise. The creation of a rubric that directly assesses the adaptive expertise skill set as it occurs naturally, either through behavioral observation or observation of a product (e.g. a written document), could theoretically be applied across a variety of products designed to demonstrate student learning outcomes. This would allow for comparisons across time as well as across student learning experiences. It could reduce the time demands that interviews, thinkalouds and pre-and post-test assessments create while also providing a more diagnostic, direct measure of adaptive expertise.
C. Future Research
Future research should focus on the development of a direct measure of the skill set of adaptive expertise, a measure that can be employed across a variety of written design-related products. Unfortunately, the current adaptive expertise literature lacks a single coherent framework with commonly defined characteristics. After a thorough review of the adaptive expertise literature, our team has identified six primary characteristics of an adaptive expert. The following characteristics were found to be the most common among the adaptive expertise literature: metacognition, multiple perspectives, flexible innovation, multiple representations, epistemology, and conceptual understanding. Further research on these characteristics could create a path for a more direct measurement of adaptive expertise.
D. Limitations
While the purpose of this study was clearly a preliminary investigation into the impact of teaching modality on the development of adaptive expertise in the engineering classroom, it quickly became apparent that that the limitations associated with existing adaptive expertise measures limited the inferences researchers could make regarding students' development of adaptive expertise. In addition, the study also involves a small sample size. Despite this limitation, we were still able to identify scale reliabilities that coincided with those found in the development efforts conducted by the survey creators. An additional limitation to the study involves the use of different instructors for the two course sections examined in this study. Future studies should use the same instructor to teach both of the course sections being compared. This would assist in minimizing differences in instruction that can influence the content and emphasize provided to the students. A final limitation of this preliminary study is the lack of a baseline. Future research would benefit from collecting pre instruction data from each course section to ensure that pre-existing differences between the two sections do not exist. Confidence in the balance of pre-existing differences between groups would give support to the argument that any differences are due to the teaching method employed in the course section.
